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As has been shown in previous reports from this laboratory (10, 25, 75) , toxic effects resembling traumatic shock have been observed following the intravenous injection of fluids exuding from-dog muscles after prolonged ischemia.
The fact that 28 per cent of these fluids were highly toxic, whereas the remainder seemed harmless, strongly suggested that their toxic effects were not due to the presence of intracellular substances lost as the result of cell damage (70) . For the same reason, it appeared doubtful that the occasional toxic effects were caused by breakdown products of muscle cell constituents resulting from ischemia, since the experimental conditions were all approximately identical. Attention has been directed, therefore, to the one constituent of these fluids which was obviously highly variable, namely, the bacterial flora.
Another bit of indirect evidence pointed in this direction. On several occasions, dog muscle tissue was excised and minced with sterile precautions and incubated in sterile dog plasma at 370 C., for 5 hours. The plasma was then separated by centrifugation and injected intravenously into recipient dogs. Such material was invariably toxic, rapidly producing a shock-like state and death, and it was always infected with micro-organisms which on direct smear were seen to be large gram-positive rods. However, if a mixture of blended dog muscle and plasma were sterilized by passage through a Seitz filter before incubation, it never exhibited toxic properties when administered to a recipient animal.
EXPERIMENTAL
Our method of muscle ligation and muscle exudate collection has been described (14) . All Table I shows the results of these cultures, and it will be noted that staphylo- fluids, quantitative bacterial counts were made by both aerobic and anaerobic culture, and the toxicity of 18 of these fluids was determined by intravenous infusion into recipient dogs. In 5 cases, 2 fluids were pooled for assay purposes. hyperthermia (410 and 420 C., respectively). In 1 further experiment, a lethal amount of reinforced fluid was injected along with 5 ml. polyvalent gas gangrene antitoxin (Lederle's) with complete protection against the effects of the fluid. Thus, the effects of the reinforced fluids are due to the presence of an exotoxin which is neutralized by gas gangrene antitoxin. Increases in bacterial content and toxin concentration during the collection period were noted. Tests were made on the first fluid, the last fluid obtained at the end of 6 hours, and the pool of the total fluid obtained. In the case of 1 of these experiments, in addition to bacterial counts, toxicity was determined as the volume of fluid containing 1 mouse m.l.d. There was a 300-fold increase in bacterial count and at least a 10-fold increase in the toxin concentration during the 6 hours after release of ligatures. When a 10 ml. culture was injected into the muscles at the time of ligation, the injected culture contained in all 100 mouse m.l.d. (L.D. 100) of toxin; following release of the muscle ligature, 270 ml. of fluid exuded from the muscle containing 1350 m.l.d. of toxin. It may be assumed that additional toxin was present in the muscles at the end of this period. Thus, the anoxic muscle in vivo has been shown to be a good medium for multiplication and toxin production by toxigenic clostridia.
Anaerobic cultures of biopsy specimens. In 11 of 13 intact dogs from which muscle biopsies were obtained, clostridia were grown from at least 1 muscle specimen, and they were cultivated in 13 instances out of a total of 25 such specimens (0.5 to 1 gram of tissue). Thus, clostridia were obtained from 85 per cent of the dogs whose muscles were biopsied. In addition, 36 per cent of the muscle specimens yielded coliform organisms and 8 per cent of them staphylococci.
In 2 dogs, all of 5 cultures of surgically prepared skin were positive for clostridia, and 1 from each dog showed the presence of staphylococci, coliform organisms, and diphtheroids. These data suggest that organisms of the gas gangrene group are common inhabitants of dog skin, where they presumably exist as spores, and are exceedingly readily introduced into the underlying tissues during operative procedures. The possibility that they are normal inhabitants of dog muscle in some instances is not ruled out.
Anaerobic cultures were also made of muscle specimens obtained from 7 rats; 1 of these cultures yielded clostridia, another yielded a culture of gram-positive cocci, and the remainder were sterile.
Eighteen cultures were made of specimens of human muscle obtained from various elective operative procedures.' In no case were clostridia grown from these specimens although staphylococci were obtained in 10 cases.
Identity of organisms. Clostridia obtained from muscle exudates and from dog biopsy specimens were identified as Cl. perfringens in the following way.
Anaerobic cultures (in broth and on agar media) of muscle extracts and from dog biopsy specimens yielded large numbers of organisms which were identified as Cl. welchii (perfringens) on the following grounds.
The colonies and broth cultures were found to consist of rods approximately 1 , in width and varying from 3 to 10,u in length. Very young organisms were frankly gram-positive but became gram-negative within 24 to 36 hours, all intermediate degrees of intensity of staining being observed in 1 given culture according to its age.
Spores were very rarely encountered and in particular could not be detected in sugar media.
The stormy fermentation of litmus milk and other fermentation reactions were typical of Cl. welchii. Gelatin was liquified but no digestion of serum was observed.
The colonies were either smooth or rough, hemolytic or non-hemolytic (ft hemolysis). The fact that these different colonial types could all be derived from 1 single colony isolated upon aging of the culture indicates that they were due to bacterial dissociation rather than being representatives of different bacterial species. The cultures grown in ordinary glucose broth were only a little toxic for mice (MLD 0.1 ml.). Toxicity could be much increased by growing the organism in meat media containing 0.5 per cent glucose or in media specially devised for the production of Welch toxin (MLD 0.001 Ml.).2 The toxin could be neutralized by Welch antitoxin. 1 We are indebted to Dr. Carroll B. Larson for the bulk of these specimens. 
DISCUSSION
The presence of bacteria of the gas gangrene group in normal dog muscle has been reported (87, 88) , and both our studies and the confirmatory one of Cope and Langohr (unpublished data) have indicated that such organisms may be normal inhabitants of dog muscle; but it is more likely that they are introduced during operative manipulations, since they appear to be such frequent contaminants of dog skin. In all probability, they exist in skin as spores resistant to the usual methods of surgical preparation. In the dog, therefore, gas bacilli are potential contaminants of artificially-traumatized or surgicallytreated tissues, and all experimental procedures which tend to result in ischemia and anoxia would produce conditions extremely favorable for their multiplication and toxin formation.
It should be emphasized, also, that from both biopsy material and "sterile" collected exudates from ischemic muscles, other microorganisms than clostridia, especially staphylococci and bacilli of the coliform group, have been frequently cultivated. The creation of damaged and relatively ischemic tissue tends to promote the growth of many types of pathogens, especially anaerobes, and among the commonly contaminating organisms are included several species capable of producing powerful exotoxins (89, 90) . The ready accessibility of clostridia, the fact that conditions for their growth and toxin production are optimal, and the potency of their characteristic toxins make it important to investigate the role which such bacteria might play in the sequence of changes that constitute the syndrome of traumatic shock.
The toxins of several species of bacteria have been shown to have specific pharmacologic eftects on the circulation with certain features in common with the classical changes of shock. Notable examples of these are the exotoxins of gram-negative bacilli (89, 90) . The production of hemolysis and death in rabbits by the intravenous administration of Welch bacillus toxin has been reported (91) , and the action of this toxin has been further described (92) . Experiments in this laboratory with purified Cl. perfringens and Cl. oedematiens toxins have confirmed these results in dogs and demonstrated both local and generalized toxic effects of these agents on the circulatory system.
These facts make it clear that the element of bacterial infection and its consequences are factors that must be taken into consideration in physiologic experiments which continue for longer than a few hours. Particularly in experiments on traumatic shock in which large areas of damaged and ischemic tissue are produced, the role of bacterial products in contributing towards the clinical outcome cannot be ignored. Interpretation of the results of experiments in which parenteral administration of various extracts of normal and traumatized tissues is made should involve consideration of the bacterial factor (93) . This has been recognized and it has been shown that bacteria-free extracts of these types are without physiologic effects (65) .
The possible role of micro-organisms in the genesis of traumatic shock following the injury of men in battle remains to be evaluated. Although human muscle biopsy specimens have been, in our experience, generally sterile, wounds sustained under battle conditions are usually contaminated with many species of bacteria, and the gas bacillus ranks high in its incidence in war wounds (94, 95) . Certainly in many of the latter, conditions must be very favorable for the multiplication of such contaminants, and it is conceivable that sub-clinical amounts of highly toxigenic strains of bacteria, especially of the gas gangrene group, might produce sufficient quantities of toxin to be a factor in the development of circulatory failure, either by promoting loss of vascular fluid at the site of trauma or by acting generally on the cardio-vascular system. That the former may be a not insignificant effect in the case of the Welch bacillus toxin has been suggested (96) . The irreversibility of the shock-like state produced by the intravenous administration of Cl. perfringens and Cl. oedematiens toxins (unpublished data) indicates that the production of toxins of these types in contaminated wounds can play a significant role in subsequent development of "irreversible" shock.
These considerations and especially the urgency of elucidating the pathogenesis of irreversible peripheral circulatory failure make it important to study human cases of traumatic shock from the point of view of the bacteriology of their wounds in order to determine what counterpart the findings reported in this paper have in clinical shock.
SUMMARY
The bacterial flora of ischemic canine muscle exudates has been investigated. Clostridium perfringens and Staphylococcus albus have been recovered from most of these exudates in widely varying concentrations. The clostridia have been shown to multiply and produce toxin in ischemic muscle, the multiplication starting as soon as ischemia provided satisfactory anaerobic conditions for growth. They are present in many biopsy specimens of normal dog muscle obtained with the use of rigid surgical techniques of skin sterilization and sterile handling of specimens. Clostridia are not present in normal human muscle.
Evidence has been obtained indicating a correlation between the toxicity of the fluids as administered to recipient dogs and their bacterial content. We think this bacterial contamination is the source of a "toxic factor" in experimental shock. Bacterial infection and its consequences must be taken into consideration in physiological experiments, particularly in those involving injury to tissue, even where performed by surgical methods.
The possible relation of clostridial infection to human wound shock remains to be elucidated. The frequent contamination of war wounds with these organisms indicates the importance of such an evaluation. :860
